Aims Important changes in cardiovascular and all-cause mortality rates are occurring in Western and Eastern Europe, each with their own dynamics. Differences in trends will be analysed and possible causes are discussed. Methods and results Mortality data for cardiovascular and all-cause mortality rates from different countries were obtained from WHO and were analysed for the period 1970-2000. The annual changes in cause-specific mortality rates were calculated using linear and polynomial regression models. Mortality rates declined almost linearly for ischaemic heart disease, stroke, and total cardiovascular diseases between 1970 and 2000 in Western Europe. In both men and women, the decline for these diseases varied between 50 and 65% or 2%/year in this period. In contrast, in Eastern Europe cardiovascular mortality rates reached a maximum in the period 1990-94, followed by a decline of 3%/year in Poland, 2%/year in Hungary, and 5%/year in the Baltic states. The changes in cardiovascular mortality rates were reflected in all-cause mortality rates in both Western and Eastern Europe. Conclusion Over the past 30 years, mortality rates in cardiovascular diseases increased or decreased very rapidly. The causes are complex but changes in diet appear to play a major role. The more recent declines in Western Europe also reflect improvements in modern cardiovascular treatment.
Introduction
Since 1970, substantial decreases occurred in age-specific mortality rates from cardiovascular diseases in Western European countries, whereas a continuous increase was noted in Eastern European countries up to the early 1990s. 1 The first report on a decrease in age-specific mortality rates from cardiovascular diseases in Eastern Europe was from Poland, in which a decrease from ischaemic heart disease (IHD) of .20% was reported for middle-aged men and women in the period 1991-94. 2 This decrease occurred after the collapse of the Soviet Union around 1990 and had great consequences for the political, social, and economic developments in the former communist states in Eastern Europe, including the occurrence of mass diseases such as cardiovascular diseases.
This report describes the evolution of mortality rates from cardiovascular diseases and all-cause mortality in Western and Eastern European countries over a 30-year period from 1970 to 2000. The changes in cardiovascular and all-cause mortality are interpreted in the light of the available evidence on changes in environmental risk factors and cardiovascular medical care in Western and Eastern Europe.
Methods
Data on mortality rates of 5-year age-classes between the ages of 0 and 84 years 3 were provided by WHO (World Health Organization). Data used in this study covered the age range 45-74 years, because mortality rates below age 45 are very low and the agestructure is very different among men and women in European countries for persons above age 74. Mortality rates were expressed as rate per 100 000 per year. Age-standardization was performed by the direct method using the WHO European population as standard.
Three versions of the International Classification of Diseases (ICD) were used: the 8th revision (ICD-8) from 1970, the ICD-9 from about 1980, and the ICD-10 from about 1995. 4 The different classifications are not a major problem, because the present study is focused on broad classes: IHD, stroke, total cardiovascular (TCV), and all-cause mortality. IHD was defined as ICD-10 codes I20-I25, stroke as ICD-10 codes I60-I69, and TCV diseases as ICD-10 codes I00-I99. For Eastern Europe, it has been previously shown that absolute rates for cardiovascular mortality of Estonia, Latvia, and Lithuania (ELL) are similar. 5 The number of inhabitants in ELL is small, and as a consequence, the mortality data have been combined. It has been previously shown that these countries are quite representative for the changes occurring in Eastern Europe. 4, 6 The former Soviet Union and the Czech Republic were excluded due to the break-up of these countries in the early 1990s.
Average mortality rates were calculated for all countries of Western Europe (with the exception of countries with very small populations such as Iceland, Luxembourg, Malta, and Cyprus) and for ELL. To calculate the mean, the mortality rate per 100 000 per year of these two groups, age-, and country-specific mortality rates were combined and unadjusted for population size. This gives equal importance to the determinants of mortality in each country. For this reason, countries with very small populations were not included in Western Europe.
To reduce random variation in annual mortality rates in the trend figures, rates were averaged for 3 years with the exception of the first and final years, for which the rates were based on 2 years. Thereafter, the percentage annual change of the cause-specific mortality rates for the age group 45-74 since 1970 was calculated using a linear regression model. The annual mortality rates were regressed on calendar year, and from the regression coefficient, the annual percentage change in mortality rate and its standard error were obtained. Two-sided P-values were considered statistically significant if P , 0.05.
The linearity assumption for the annual percentage change was tested by visual inspection and by calculating the R 2 for different models. For Western European countries, with the exception of IHD mortality in Spain, very high R 2 values were obtained .0.9. Whenever the R 2 values were less than 0.9, as was the case for the Eastern European countries, the time period was split and the annual percentage change was calculated for the two periods. Peak value years were chosen for each country as the year of the highest mortality in men for all-cause mortality. The highest rates for all-cause mortality in men were observed in 1991 in Poland, in 1993 in Hungary, and in 1994 in the three Baltic states. The same procedure was used for IHD mortality rates in Spain. The highest rates were achieved in 1975. In addition, second-degree polynomial equations were calculated. The years (0-30 or 0-15), depending on the country considered, were the independent variables for both the linear and polynomial equations.
Results
Since 1970, a continuous decrease in IHD mortality rates occurred in men from Western Europe ( Figure 1A and Table 1 ). In the period 1970-2000, IHD mortality declined, on average, to 50% corresponding to an annual decline of 1.8%/year. In Finland, a decrease of .60% in both genders was observed. In Spain, in the period 1970-75, an increase of 41% for men and of 35% for women (for both genders P , 0.001) was followed by a decrease in the following 25 years (233% for men and 247% for women, for both P , 0.0001). In Poland and Hungary, increases in IHD mortality were observed between 1970 and the early 1990s of 80 and 35%, respectively, but thereafter, decreases of 2%/year were noted. Similarly, in the Baltic states, an increase of 3%/year between 1985 and 1994 was followed by a dramatic decrease of 6%/year. In women, similar trends were observed. In Western Europe, a decline of 55% in IHD mortality was noted between 1970 and 2000 ( Figure 1B and Table 1 ). Again, the largest decline was observed in Finland. In the Eastern European countries, an increase in IHD mortality was noted between 1970 and the early 1990s, but thereafter, a decrease took place especially in the Baltic states.
Stroke mortality declined continuously in men in Western Europe since 1970. Between 1970 and 2000, the decrease was on average 60% ( Figure 2A and Table 1 ). In Poland, stroke mortality increased continuously between 1970 and 2000. In Hungary and the Baltic states, stroke mortality increased until the early 1990s and decreased thereafter. The current stroke mortality rates are four times higher in Hungary and the Baltic states when compared with Spain. In addition, the stroke mortality rates in women from Western Europe declined by .65% between 1970 and 2000 ( Figure 2B and Table 1 ). In Poland, stroke mortality rates increased continuously, but the strongest increase was observed between 1991 and 2000. In Hungary, the stroke mortality rates did not show a clear trend till 1993 and thereafter declined by .2%/year. In the Baltic states, stroke mortality rates declined between 1993 and 2000 by 30%.
Since 1970, a continuous decrease in TCV mortality rates was observed in men in Western Europe ( Figure 3A and Table 1 ). In the period 1970-2000, TCV mortality decreased on average 50% corresponding to an average annual decline of 1.8%/year. Larger declines of 60% were observed in Finland and Spain. In Hungary and Poland, increases in TCV mortality rates were observed till the 1990s and thereafter decreases of 3%/year. In the Baltic states, the TCV mortality rates declined by 5%/year since 1994.
In women, different trends were observed ( Figure 3B and Table 1 ). In Western Europe, a very large decline in TCV mortality rates of 60% or 2%/year was observed between 1970 and 2000. Declines of .70% were observed in women from Finland and Spain. In women from Poland, a small increase in TCV mortality rates was observed between 1970 and 1991 but a small decrease in women from Hungary. In these countries, a decline of 3%/year was observed since the early 1990s. In the Baltic states, average TCV mortality decreased by 5%/year since 1994.
Between 1970 and 2000, all-cause mortality rates in Western Europe decreased by 40% in men ( Figure 4A and Table 1 ). The average annual decline was 1.3%/year. A larger decline was observed in Finland with 1.7%/year. In Hungary and Poland, increases in all-cause mortality rates were observed till the 1990s. Thereafter, decreases of .1.5%/year were noted in these countries. In the Baltic states, an increase of 4%/year in the period 1985-94 was followed by a decline of a similar magnitude in the following 6 years.
Trends were different in women, especially in Eastern Europe ( Figure 4B and Table 1 ). Like in men in Western Europe, a continuous decrease in all-cause mortality rates of 1.4%/year was found in women. A larger decline was observed in Spain of 2%/year. In both Hungary and Poland, all-cause mortality rates were relatively stable in women, from 1970 till the early 1990s. Thereafter, decreases of 2%/year were observed. The most dramatic changes occurred in women in the three Baltic states, in which a 1.6%/year increase was noted in the period 1985-94 and a 4%/year decrease in the following years.
In Table 2 , the results of the polynomial analysis are presented. The regression coefficients of the quadratic polynomial term are negative and highly significant for the four causes of death in the different Eastern European countries. For Western Europe, this was the case for men for IHD, TCV, and all-cause mortality, but not for stroke mortality. For Western European women, the quadratic polynomial term was only negative for IHD mortality. 
Discussion
Important and rapid changes in cardiovascular and all-cause mortality rates are occurring in Europe. Between 1970 and 1990, these changes had opposite directions in Western and Eastern Europe, leading to an increase in the gradient in the rates for cardiovascular and all-cause mortality. 1, 6 In 1990, the ratio for the highest vs. the lowest regions in Europe amounted to 4.5 for cardiovascular and 1.8 for all-cause mortality. 1 However, during the 1990s, the cardiovascular and all-cause mortality rates also started to decrease in Eastern European countries. This decline started approximately 25 years later than in Western European countries.
One of the most remarkable findings is not only the recent decline in mortality in Eastern Europe but also the rate of the decline. Both the linear and the polynomial analyses showed that the rate of decline in the Eastern European countries in the 1990s was much stronger than the rate of decline in Western Europe in the 1970s. An other interesting result is that in Western Europe, the quadratic terms in the polynomial equations for cardiovascular and all-cause mortality are negative for men and positive for women. This may be explained by differential trends in smoking behaviour in men and women. Similar trends have been observed in the USA, probably for the same reason. 7 The high mortality rates in Eastern Europe have been a matter of much speculation, 8, 9 but few studies on the causes of these high mortality rates and their rapid changes have been carried out. Cross-cultural research, e.g. the Seven Countries Study, has shown that differences in mortality rates in IHD and all-cause mortality can be explained by differences in the prevalence of smokers and in diet such as a high saturated fat intake and a low intake of antioxidants, e.g. flavonoids and vitamin C. 10, 11 Other socio-environmental factors may also play a role. In the case of Eastern Europe, a high alcohol consumption and high levels of violence have been postulated as major causes, but remain controversial. 12, 13 For example, the high mortality rates in the age class 75-84 in Eastern Europe 6 point to other causes, such as the consequences of poverty, 14 because violence and alcohol excesses are improbable as major causes of death in this age class, especially in women.
One of the reasons for the high mortality rates in Eastern Europe before 1990 was likely the high intake of saturated fat. In the period 1977-90, the European Union exported 1 822 643 t of butter at strongly subsidized prices to the former communist European States (Comecon). A total of 2 712 191 t of meat and meat products was also exported during the same period. 15 These quantities cannot in themselves explain the high cardiovascular and all-cause mortality rates in the former Comecon countries but could play a crucial role, because they were consumed on top of a diet already high in saturated fat.
Evidence for a major role of diet in explaining changes in IHD mortality rates within Eastern European countries comes independently from several countries. In Poland, the ratio of vegetable to animal fat increased from 0.29 in 1990 to 0.52 in 1994 2 and to 0.61 in 2000. 16 Similar changes were observed for the ratio of polyunsaturated to saturated fat. Between 1990 and 1999, the intake of saturated fat declined by 7% and that of polyunsaturated fat increased by 57%. The P/S ratio increased by 70%. The increase in the intake of polyunsaturated fat was due to a higher intake of rapeseed and soy oil. Thus, the increase concerned both the intake of omega-3 and omega-6 fatty acids. These changes were related to the decline in coronary heart disease mortality in Poland. 17 The change in type of fat consumption was due to lower subsidies for animal fat products and an increased availability and demand for vegetable fat. The per capita fruit supply increased from 33.1 kg/year in 1990 to 40.2 kg/year in 1994 and to 52.2 kg/year in 2000. During the same period, the supply of vegetables remained unchanged. 16 Between 1990 and 2000, the per capita alcohol consumption increased from 116 to 138 kcal/day.
The most impressive changes in IHD mortality rates were observed in the Baltic states. Between 1994 and 2000, the IHD mortality rates decreased, on average, by 6%/year. In this period, the ratio for the availability of vegetable vs. animal fat increased from 0.21 to 0.61 and the per capita consumption of fruit increased by 68%. 16 Surveys carried out in Estonia and Lithuania in 1994 and 1998 confirmed the changes in fat consumption in these countries. The percentage users of vegetable cooking oil increased from 64 to 82% in Estonia and from 41 to 81% in Lithuania. 18 In the same period, no major changes were observed in these countries in the prevalence of smoking, consumption of strong alcoholic beverages, and leisure time physical activity. 18 This is further supported by recent data from Lithuania showing that the proportion of persons using vegetable oil for cooking had more than tripled between 1994 and 2002. More than half of the population replaced butter by lowfat margarine as spread. 19 The prevalence of smokers remained stable during that period in men, but doubled in women to 12%. The prevalence of beer drinking increased considerably and the consumption of strong alcohol remained stable. 20 These data suggest that changes in dietary habits offer the most plausible explanation for the decline in IHD mortality rates since 1994.
In contrast to Eastern Europe, the IHD mortality in Finland decreased by .50% in the period 1972-92. 21 This decline could largely be explained by changes in three major risk factors such as a decrease in the percentage of smokers and a decrease in average serum cholesterol and blood pressure levels. The changes in the latter two risk factors could, to a large extent, be ascribed to improvements in dietary habits (e.g. decrease in saturated fatty acid intake by changing from butter to polyunsaturated fatty acid rich margarines, changing from whole-fat to low-fat milk, changing from boiled to filtered coffee, increasing fruit and vegetable consumption, and reducing salt intake). 22 The changes in these three risk factors predicted a decrease in IHD mortality of 44% in men and 49% in women. This is approximately 80 and 70% of the observed decline in men and women.
Between 1981 and 2000, IHD mortality decreased by .50% in England and Wales. 23 Almost 60% of the decrease was attributable to reduction in major risk factors, particularly smoking, and 40% to the combined effects of modern cardiological treatments. An analysis of the decline in IHD mortality in the USA showed that 63% of the decline in the period 1968-76 could be ascribed to lowering of risk factors and 31% to medical interventions. 24 A similar analysis of the decline in the period 1980-90 ascribed 25% of the decline to primary prevention, 29% to secondary prevention through risk factor lowering in patients, and 43% to improvements in treatment of cardiac patients. 25 However, revascularization only accounted for 4-5% of the IHD mortality decline. 23, 26, 27 The results from Finland and the USA show that in the 1970s, 70% of the decline in IHD mortality could be ascribed to risk factor reduction. In the period 1980-90 in the USA and between 1981 and 2000 in the UK, 60% of the decrease could be attributed to risk factor reduction and 40% to the combined effect of modern cardiovascular treatments. These results suggest that in recent years, the effect of modern cardiovascular treatment on the decline in IHD mortality in the USA and UK became considerable.
The most likely explanation for the recent impressive decline in IHD mortality in Eastern European countries is changes in environmental factors. This was made plausible for Poland, Estonia, and Lithuania. 2, 18 The changes in fatty acid composition of the diet (less saturated and more polyunsaturated fat) and more antioxidants through an increase in fruit consumption are most prominent in this context. A survey of the European Society of Cardiology showed that around 1995, the use of, for example, percutaneous coronary interventions and coronary artery by-pass surgery was very low in Poland and in the Baltic states. 28 This again suggests that the recent declines in these Eastern European countries are primarily the result of reductions in environmental risk factors.
In spite of the recent decline, the IHD mortality rates are still more than twice as high as in Eastern European countries, for example, Hungary and the Baltic states, when compared with Western European countries. In men, high smoking rates in combination with a diet high in saturated fat and low in fruits and vegetables may be responsible for these differences. 2, 18 However, this cannot be the only explanation for the high IHD mortality rates among Eastern European women because their smoking rates are low, 18, 29, 30 but they have a high prevalence of obesity. 31 In combination with an atherogenic diet and physical inactivity, 18 this could be an explanation for the much higher IHD mortality rates in Eastern European when compared with Western European women.
In conclusion, this report shows that both cardiovascular and all-cause mortality rates change rapidly. In Western European countries, these mortality rates have been declining since the 1970s and are followed by declines in several Eastern European countries in the 1990s. Evidence is accumulating that the early declines in cardiovascular mortality (especially IHD) are, to a large extent, due to changes in diet and lifestyle factors. The more recent declines in Western Europe and the USA are also due to improvements in modern cardiovascular treatment. This illustrates the large potential for further declines in Eastern European countries. 
